Abstract Land cover and climate change are both major threats for biodiversity. In mountain ecosystems species have to adapt to fragmented habitats and harsh environmental conditions but so far, altitudinal effects in combination with land cover change have been rarely studied. The objective of this study was to determine the effects of altitude and historical land cover change on butterfly diversity. We studied species richness patterns of butter- 
Introduction
Altitudinal gradients and land cover play an important role in species composition and ecosystem functioning (Ewers and Didham 2006; Körner 2007; Hoiss et al. 2012) . In mountainous regions insects often have to adapt to fragmented habitats and harsh environmental conditions (Hodkinson 2005; Hoiss et al. 2012) . As their range margins are determined by environmental and climatic conditions many species fail to adapt to rapidly changing habitat conditions caused by climate and land cover change (Thomas et al. 2004; Franco et al. 2006; Thuiller 2007) .
Altitudinal gradients and land cover change are both important predictors driving biodiversity in patchy habitats (Körner 2007) . However most studies focus either on the effect of land cover change or of altitude, while little is known how both effects in parallel affect diversity and resulting extinction risks (Forister et al. 2010) . As altitudinal gradients are also temperature gradients, species richness-altitude relationships can be explained with two main hypotheses. First, decreasing species richness with increasing altitude is explained by combinations of specific geomorphology, climate and by water-energy limitations along temperature gradients (Clarke and Gaston 2006; Mihoci et al. 2011) . Second, maximal species richness in mid-elevation occurs due to the mid-domaineffect or a combination of temperature effects on competition, metabolism and speciation (Colwell et al. 2004; Stegen et al. 2009; Stefanescu et al. 2011) . Additionally, human land cover change might impact elevational species richness gradients (Nogues-Bravo et al. 2008) .
Habitat loss, land cover change and agricultural intensification led in the past to the decline of insect populations and species richness (Tscharntke et al. 2005) . Above all habitat loss results in decreasing habitat area and reduced species richness (Rosenzweig 1995; Steffan-Dewenter and Tscharntke 2000) . However, in many cases the composition of the surrounding landscape is also crucial for the distribution of species in fragmented habitats by providing additional resources or modifying dispersal (Fahrig et al. 2011; Leidner and Haddad 2011; Ö ckinger et al. 2012) .
The historical loss of natural or seminatural habitats in the context of land use intensification is a significant cause of biodiversity loss and might lead to delayed extinctions in the future (Kuussaari et al. 2009; Krauss et al. 2010) . So far the impact of land cover change under different climatic conditions has not yet been assessed. Not all species in a community react to climate change and landscape composition in the same way, thus life history traits can facilitate or impede species dispersal and sensitivity to environmental change (Berner et al. 2004) . Species with narrow feeding niches like habitat specialists are often stronger affected by habitat loss, isolation and land cover changes than generalist species (Tscharntke et al. 2012) .
Wetlands are species rich habitats for butterflies and have disappeared from many regions in central Europe due to drainage and agricultural improvements (BUWAL 1990; Van Swaay et al. 2006; Cozzi et al. 2008) . As wetlands are are also vulnerable to climate change (Erwin 2009; Lütolf et al. 2009 ) we studied the effect of altitude and land cover change on butterfly species richness in wetland habitats with focus on species living in open habitats to evaluate the following hypotheses:
(1) Species richness of butterflies and burnet moths depends on altitude, patch size and landscape context. 
Materials and methods

Study region and sampling sites
The study region is located in the Fichtelgebirge, a low mountain region in northern Bavaria (Germany) close to the border to the Czech Republic and east of the town Bayreuth. Pollard 1977) . The transect length of each walk was 800 m and the transect time was 40 min. We measured length and time with a GPS (eTrex Vista; Garmin, München, Germany) and divided the butterfly transects in 50 m sub-transects to calculate species richness estimators. Identification and nomenclature followed for burnet moths Ebert and Rennwald (1994) and Naumann et al. (1999) and for butterflies Settele et al. (2005) . Most species could be identified in the field, but some species groups had to be collected for genitalization. We did not distinguish between Colias alfacariensis and Colias hyale or between Leptidea reali and Leptidea sinapis. With regard to habitat requirements all detected species were grouped according to their habitat specialisation either as wetland specialists, grassland specialists, forest specialists or generalist (Krauss et al. 2003; Van Swaay et al. 2006 ) (Online Resource 1). As wetland and grassland species are specialists for open habitats, we combined them as open land specialists for further analyses. We also combined generalists and forest species and call them generalist and forest species, because both groups do not only rely on wetland or grassland habitats. Finally the analyses showed no different responses of the species group (see below). In the following the term butterflies includes burnet moths when not stated otherwise.
Five wetland sites were intensively surveyed for butterfly species (except burnet moths) between 1920 and 1979 by several butterfly collectors. These five sites belong to the 27 surveyed sites. The data of the historical records were allocated by the departed butterfly collector Vollrath and digitalized by a local conservation agency GEYER and DOLEK (http://www.geyer-und-dolek.de). We used these historical data of detected species per site for comparison of current and historic species occurrence but not for statistical analyses as butterfly collectors only noted occurrence data and did not perform transects.
Landscape data Historical and current aerial photographs were used to quantify the amount of open habitats and forest cover within a 750 m radius around the centre of each study site. Current aerial photographs were taken 2008, historical photographs were taken 1945-1966 (40-60 years old). Current digital aerial photographs and historical photographs were bought from ''Bayerische Vermessungsverwaltung'' (http://www.geodaten.bayern.de/). Historical analog photographs were scanned, orthorectified and transferred to a Geographical Information System (GIS) by the company Gisat (http://www.gisat.cz), while current aerial photographs were available in a GIS compatible form. We used the software ArcView GIS 3.2 (ESRI 1995) to quantify land cover and land cover change.
Statistical analysis
Statistical analyses were made in R 2.14.2 (R Development Core Team 2012). General linear models with Type I SS, linear regressions and Pearson correlations were calculated. We did not simplify our statistical models with a selection procedure, but present the full models (Crawley 2007) . Models were checked with plot diagnostics. We could not correct for spatial autocorrelation, as lower sites are closer to each other than higher altitude sites. Therefore the spatial autocorrelation is covered by the altitude. The explanatory variables entered the models in the following sequence (1) altitude, (2) squared altitude, (3) current open habitats, (4) per cent of historical loss of open habitats and (5) patch size (log10-transformed). Although some explanatory variables were correlated we present one general linear model in the results because other analyses showed the same tendencies (Online Resource 3). The response variables were total species richness, estimated total species richness, generalist and forest species richness and open land specialist species richness. Species richness estimators were calculated using the software EstimateS 8.20 (Colwell 2009 ). We used the species estimator ACE (with 16 transect intervals; one interval per 50 m transect length).
Results
In total we identified 49 butterfly species and five species of burnet moths on the 27 wetland sites with a total of 4,523 individuals. On average 19.1 ± 1.0 butterfly species (range: 9-31) were found on each of our sites with 46 % open land specialists and 54 % generalist and forest species. Aphantopus hyperantus (23.7 %), Maniola jurtina (13.7 %) and Melanargia galathea (8.6 %) were the most abundant species (% of all recorded individuals).
Between 1920 and 1979 altogether 60 butterfly species (excluding burnet moths) were recorded in five of our wetlands, whereas we recorded 37 species on these sites. 28 species were not detected in 2008 and could be extinct whereas five species were newly detected. 58 % of open land specialists were not detected in 2008 (for not-detected species see Online Resource 1, 5).
Land cover change and altitude
The studied wetland sites faced a drastic shift in the surrounding landscape composition during the last 40-60 years. On average one-third (34.1 %) of current open habitats within the 750 m radius around the centre of the study sites was transformed and the average gain of forest area compared to earlier forest area was 21.3 % (see Fig. 1 for an example). The current open habitats decreases with increasing altitude and the historical loss of open habitats increased with altitude (Fig. 2) . Thus, land cover change was more pronounced at high compared to low altitudes and in 2008 higher altitudes in the study region were more dominated by forest than 40-60 years ago (Figs. 1, 2 ; Table 1 ).
Species richness of butterflies
The results showed that patch size and the squared altitude are significant predictors for species richness of open land specialists, while current open habitats and historical loss of open habitats showed no significant relations with species richness (Table 3 , Online Resource 2). Species richness increased with increasing patch size. However the significant effect is mainly caused by the largest site in our region ( Fig. 3; Table 3 ). Excluding this site from the analyses would result in a relationship above the significance level (P = 0.057). As altitude and land cover change were correlated we also conducted two separate models, which show the overall same significances (Online Resource 3). Species richness of open land specialists correlated strongly with total species richness, estimated total species richness and species richness of generalist and forest species (Table 2) . Therefore the results for the different species groups are essentially identical to the species richness of open land specialists (Table 3 , Online Resource 2 and 3). Graphs are only shown for open land specialists.
Discussion
Altitudinal gradient
In our study species richness was highest at mid-elevations, which might be explained by the mid-domain effect and is assumed for landmass boundaries, where restricted species ranges overlap and create a maximum of species richness (Colwell and Lees 2000) . Species richness in higher altitudes could be limited by the increasing forest area and reduced metabolic rates of species due to decreasing temperatures. In lower altitudes species richness is assumed to Significance levels: **** P \ 0.0001; *** P \ 0.001; n.s. not significant be more strongly affected by habitat destruction and land use change as human agriculture causes less connected and fragmented patches resulting in mosaic habitats which come along with local adaptation strategies of insect-plant interactions (Inouye et al. 2000; Nogues-Bravo et al. 2008 , Scriber 2010 . Accordingly, the amount of open habitats in our study was highest in low altitudes. However, historical land cover change was most pronounced at high altitudes due to the abandonment of extensive agriculture and reforestation resulting in a significant reduction of wetlands and other open habitats that might play an important role as climatic refuges in the future for butterfly species at their upper thermal distribution limits. Other studies already show an up-hill shift of species due to rising temperatures and increasing habitat availability in high mountain ranges (e.g. Fleishman et al. 2000; Wilson et al. 2007; Franzen and Ö ckinger 2012) . Even in low mountain regions rising temperatures can disturb butterfly species habitats. Especially wetlands as open habitats are extremely vulnerable to changes in water supply and rising temperatures can modify the quantity of moisture of these species rich habitats (Erwin 2009 ). Accordingly increasing temperatures can reduce habitat quality and species shifting from lower to upper habitats due to changing temperatures might come across unsuitable habitats with changing mountain flora. Environmental adaptation might therefore depend on thermal sensitivity of life history traits of interacting trophic groups (Berg et al. 2010 ).
Hence we showed that altitude is a useful predictor for species richness in low-mountain regions. As climate determines species range margins, rising temperatures can change species distribution and thermal adaptation can lead to shifts in species range margins to higher altitudes and can modify the observed humped-shaped relationship of diversity patterns (Walther et al. 2002; Konvicka et al. 2003; Franzen and Ö ckinger 2012) .
Landscape context
Land cover change and habitat loss are main drivers for the extinction of species Tscharntke et al. 2012) .
In fragmented habitats open habitats facilitate butterfly species dispersal, whereas forests can act as dispersal barriers (Matter et al. 2004; Cant et al. 2005 ). Therefore we expected lower species richness in sites with a higher proportion of forest habitat in the landscapes and more severe historical loss of open habitats. Contrary to our hypothesis, species richness did neither increase with increasing current open habitat area nor decrease with increasing historical loss of open habitats. In our study region, the surrounding of sites at high altitudes was dominated by forest and the amount of current open habitats decreased with increasing altitude. The historical loss of open habitats in the last 40-60 years was also highest at high altitudes. However increasing historical loss of open habitats did not affect butterfly species richness in our study. Whether forest is a barrier for butterflies has been questioned, because forest dominated landscapes are regularly in heterogeneous landscapes with interspersed suitable habitats for butterflies, which might be suitable corridors for species dispersal (Cozzi et al. 2008; Ö ckinger et al. 2012; Schultz et al. 2012) .
Our data provide no direct evidence that land cover change had negative effects on species richness patterns in our study region. However the time periods of responses to land cover change are little known (Kuussaari et al. 2009 ) but a recent study suggests that butterflies rapidly respond to habitat loss and do not face a long extinction debt . The interpretation that extinctions related to historical land cover change already took place in our study system is supported by the high rates of notdetected open land specialists in 2008 compared with historical surveys. Red list species for example Plebejus optilete and Colias palaeno which occurred in marshes in the past are now extinct throughout the study region.
The positive relationship between species richness and patch size, that was detected for butterflies in previous studies (Peintinger et al. 2003; Brückmann et al. 2010) , was affirmed by our study. Hence patch size is more important than the surrounding landscape. Therefore the conservation of large wetlands should be given priority in our study region.
Specialist, generalist and forest species Specialized and sedentary butterfly species are less capable to adapt to changing environments (Warren et al. 2001 ). Therefore we assumed that open land specialists are more sensitive to decreasing habitat area and to historical loss of open habitats than generalist and forest species. In our study the species richness of generalist and forest species was strongly correlated with the number of open land specialists and did not show different responses. This is in contrast with other butterfly studies, where specialized and generalized butterflies reacted differently (Forister et al. 2010; Stefanescu et al. 2011 ). In our low-mountain study butterfly species respond to changes in patch size independent of their restriction to specific host plants. But under future scenarios the loss of open habitats in combination with increasing temperatures due to climate change can have deviating effects for species communities (Hoiss et al. 2012 ).
Conclusion
In conclusion, our data emphasize the importance of altitude for butterfly diversity. Species richness was highest at mid-elevations, perhaps explained by the mid domain effect. Contrary to the expectations species richness did not dependent on current open habitats or on the historical loss of open habitats and did not differ for open land specialists or generalist and forest species. But effects of land cover change might act at shorter or longer time periods . Patch size played an important role for species richness of butterflies and burnet moths which highlights the importance of the protection of large habitats. Importantly, in the context of climate change, the abandonment of extensive land use and reforestation particularly at high altitudes threatens potential future refuge habitats for open habitat specialists and butterfly species at their thermal distribution limits. Regional environmental management 
